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ABSTRACT 

Individuals suffering from diabetes are at risk for developing ulcers in their lower extremities, which are sometimes aggravated by 
infection and place a heavy burden on their caretakers to prevent the dreaded need for amputation. While prompt and accurate 
antibiotic treatment directed at the causative organisms is a cornerstone of diabetic foot infection management, the rise in the 
number of multidrug-resistant organisms, such as methicillin-resistant Staphylococcus aureus as well as other multidrug-resistant 
Gram-negative species, has complex and difficult treatment recommendations. Due to the necessity of a comprehensive approach to 
wound treatment, the control over DFU is best handled by collaborating across disciplines to achieve the same goal. Scientific 
evidence suggests that DFU care should always include glucose monitoring, wound debridement, high-tech dressings, and offloading 
methods. In addition, in some circumstances, surgery to treat a chronic ulcer and prevent its return may be an integral part of the 
treatment plan. Healing of DFU can be accelerated with the use of a variety of adjunct treatments, including negative pressure wound 
therapy, hyperbaric oxygen therapy, bio-engineered skin, electrical stimulation as well as growth factors. Therefore, it is 
recommended that patients be educated on the need of maintaining regular foot care to prevent DFU and associated consequences. 
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INTRODUCTION 

ne of the complications of diabetes is the diabetic 
foot, the most severe and damaging complication 
of diabetes, manifesting as ulcers on the foot. 

There are three primary diabetes kinds which are diabetes 
of Type 1 Type 2, or gestational diabetes. Patients with 
Diabetes Mellitus (DM) are mostly impacted by foot ulcers, 
which is quite difficult. In reality, a diabetic foot ulcer is a 
type of full-thickness lesion that occurs most frequently 
distal to the ankle in diabetes individuals. In this diabetic 
patient, neuropathy and peripheral vascular disease of the 
lower extremity manifest as ulceration. In the diabetic 
population, diabetic foot ulcers occur between 4 and 10 
percent of the time. Many estimates indicate that 5 
percent of all diabetes patients develop foot ulcers, and 
the risk factors for diabetic patients have increased from 5 
to 15 percent1,2. However, the majority of research focuses 
on the fact that risk variables commonly rise in the 
diabetes patient population 2. Osteomyelitis is the name 
given to an infection of the bone that can occur in this type 
of incision. Charcot Neuropathy is a specific neuropathy 
illness involved in diabetic foot disease. Diabetic patients 
with foot complications are also likely to develop 

neuropathy, retinopathy, and problems with blood flow to 
the brain and the heart 3. Estimates indicate that DFU 
contributes to 20% of hospital hospitalizations for DM 
patients4. If DFU is not treated properly, risks include 
sepsis, necrosis, loss of limb, or even mortality 4. On the 
other side, once DFU has manifested, there is a greater 
likelihood that the ulcer may progress and necessitate 
amputation. Patients with DM have a 15-fold higher risk of 
amputation than those without the disease. DFU is 
believed to account for 50 to 70 percent of all lower limb 
amputations5. Each thirty seconds somewhere in the 
world, an amputation is performed because of DFU6. 
Moreover, DFU results in significant physical, emotional, 
and financial losses that have a detrimental influence on 
the quality of life7. 

If a diabetic patient's foot ulcer is not adequately treated, 
surface infections can spread to the hypodermis, 
eventually paralyzing muscles, tendons, bones, and joints. 
Recovery requires a minimum of two months, and nearly 
two-thirds of diabetic foot ulcers heal without surgical 
intervention. Diabetic foot ulcer and limb amputation are 
dependent upon the duration of diabetes and age. Vital is 
the eradication of diabetic foot ulcer, notwithstanding its 
detrimental influence on the patient's sense of self-worth. 
In the healthcare series, the financial burden of diabetic 
foot ulcer sufferers is discussed8 Diabetic Foot is one of the 
most severe and damaging complications of diabetes, 
manifesting as ulcers on the foot. There are three primary 
diabetes kinds. Like – i. Type 1 diabetes, ii. Type 2 diabetes, 
iii. Gestational diabetes. Patients with Diabetes Mellitus 
are mostly impacted by foot ulcers, which is quite difficult. 
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In reality, a diabetic foot ulcer is a type of full-thickness 
lesion that occurs most frequently distal to the ankle in 
diabetes individuals. In this diabetic patient, neuropathy 
and peripheral vascular disease of the lower extremity 
manifest as ulceration. In the diabetic population, diabetic 
foot ulcers occur between 4 and 10 percent of the time. 
Many estimates indicate that 5 percent of all diabetes 
patients develop foot ulcers, and the risk factors for 
diabetic patients have increased from 5 to 15 percent 1,2. 
However, the majority of research focuses on the fact that 
risk variables commonly rise in the diabetes patient 
population 2. Osteomyelitis is the name given to an 
infection of the bone that can occur in this type of incision. 
Charcot Neuropathy is a specific neuropathy illness 
involved in diabetic foot disease. Patients with diabetic 
foot complications are also likely to develop neuropathy, 
retinopathy, ischemic heart disease, and cerebrovascular 
disease3. Estimates indicate that DFU contributes to 20% 
of hospital hospitalizations for DM patients9. If DFU is not 
treated properly, it can lead to infection, gangrene, 
amputation, and even death4. On the other side, once DFU 
has manifested, there is a greater likelihood that the ulcer 
may progress and necessitate amputation. The risk of 
lower limb amputation among DM patients is 15 times 
greater than among those without the condition. DFU is 
believed to account for 50 to 70 percent of all lower limb 
amputations10. In addition, it is reported that one limb is 
amputated due to DFU every 30 seconds worldwide6. 
Moreover, DFU results in significant physical, emotional, 
and financial losses that have a detrimental influence on 
the quality of life7. 

If a diabetic patient's foot ulcer is not adequately treated, 
surface infections can spread to the hypodermis, 
eventually paralyzing muscles, tendons, bones, and joints. 
Recovery requires a minimum of two months, and nearly 
two-thirds of diabetic foot ulcers heal without surgical 
intervention. Diabetic foot ulcer and limb amputation are 
dependent upon the duration of diabetes and age. Vital is 
the eradication of diabetic foot ulcer, notwithstanding its 
detrimental influence on the patient's sense of self-worth. 
In the healthcare series, the financial burden of diabetic 
foot ulcer sufferers is discussed8 Diabetic Foot is one of the 
most severe and damaging complications of diabetes, 
manifesting as ulcers on the foot. There are three primary 
diabetes kinds. Like – i. Type 1 diabetes, ii. Type 2 diabetes, 
iii. Gestational diabetes. Patients with Diabetes Mellitus 
are mostly impacted by foot ulcers, which is quite difficult. 
In reality, a diabetic foot ulcer is a type of full-thickness 
lesion that occurs most frequently distal to the ankle in 
diabetes individuals. In this diabetic patient, neuropathy 
and peripheral vascular disease of the lower extremity 
manifest as ulceration. In the diabetic population, diabetic 
foot ulcers occur between 4 and 10 percent of the time. 
Many estimates indicate that 5 percent of all diabetes 
patients develop foot ulcers, and the risk factors for 
diabetic patients have increased from 5 to 15 percent 1,2. 
However, the majority of research focuses on the fact that 
risk variables commonly rise in the diabetes patient 

population 2. Osteomyelitis is the name given to an 
infection of the bone that can occur in this type of incision. 
Charcot Neuropathy is a specific neuropathy illness 
involved in diabetic foot disease. Patients with diabetic 
foot complications are also likely to develop neuropathy, 
retinopathy, ischemic heart disease, and cerebrovascular 
disease3. Estimates indicate that DFU contributes to 20% 
of hospital hospitalizations for DM patients10,4. If DFU is not 
treated properly, it can lead to infection, gangrene, 
amputation, and even death4. On the other side, once DFU 
has manifested, there is a greater likelihood that the ulcer 
may progress and necessitate amputation. The risk of 
lower limb amputation among DM patients is 15 times 
greater than among those without the condition. DFU is 
believed to account for 50 to 70 percent of all lower limb 
amputations10. In addition, it is reported that one limb is 
amputated due to DFU every 30 seconds worldwide6. 
Moreover, DFU results in significant physical, emotional, 
and financial losses that have a detrimental influence on 
the quality of life7. 

If a diabetic patient's foot ulcer is not adequately treated, 
surface infections can spread to the hypodermis, 
eventually paralyzing muscles, tendons, bones, and joints. 
Recovery requires a minimum of two months, and nearly 
two-thirds of diabetic foot ulcers heal without surgical 
intervention. Diabetic foot ulcer and limb amputation are 
dependent upon the duration of diabetes and age. Vital is 
the eradication of diabetic foot ulcer, notwithstanding its 
detrimental influence on the patient's sense of self-worth. 
In the healthcare series, the financial burden of diabetic 
foot ulcer sufferers is discussed 8. 

Feet and Diabetes: Microbiology 

Here, the most significant fact is that some 
microorganisms are responsible for this lethal infections11. 
Citron et al., who analyzed 427 culture-positive cases, 
found that only 16.2 percent had growth of a single species 
living microorganism, with the remainder of specimens 
being polymicrobial, and that 43.7% were sensitive to four 
or more species, confirming the occurrence of 
polymicrobial illnesses 12. 

Mild to moderate infections often contain Gram-positive 
organisms, but moderate to serious infections are more 
likely to be polymicrobial, containing Gram-negative 
species, and more than half will have anaerobic 
organisms13. Anaerobes include organisms including 
Prevotella spp., Bacteroides spp., and Peptostreptococcus 
spp. Patients with ischemia of the foot or gangrene have 
an increased prevalence of anaerobic bacteria, although 
the full extent of their relevance is unknown14. While S. 
aureus has a reputation for being the most widespread 
pathogen, research from India indicates that Gram-
negative aerobic organisms are more common. Bacteria 
belonging to the Gram-negative family, such as 
Pseudomonas spp. and Enterobacteriaceae, are commonly 
identified from cured illnesses. are commonly found in 
treated wounds that still have some moisture left15. The 
rise of methicillin-resistant Staphylococcus aureus (MRSA) 
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and extended-spectrum b-lactamases is a growing concern 
in healthcare and the population, respectively, but the 
latter presents a bigger challenge in developing countries 
due to the higher frequency of S. aureus infection there. 
Twenty to fifty percent of diabetics with infected or non-
infected foot ulcers have MRSA16, and its presence can 
significantly impede healing. 

Table 1: Diabetic foot infections: a common source of 
pathogens 

              Bacteria                                   Pathogens 

Gram-positive 
(Aerobic) 

 

 

 

 

 

 

 

Gram-negative 
(Aerobic) 

 

 

 

 

 

 

 

 

 

Gram-positive 
(Anaerobic) 

 

 

 

Gram-negative 
(Anaerobic) 

Staphylococcus spp. 

Staphylococcus aureus 

Coagulase-negative spp. 

Enterococcus spp. 

Enterococcus faecalis 

Streptococcus spp. 

Streptococcus pyogenes 

Corynebacterium spp. 

 

Proteus spp. 

Proteus mirabilis 

Klebsiella spp. 

Klebsiella pneumonia 

Klebsiella oxytoca 

Enterobacter spp. 

Enterobacter cloacae 

Pseudomonas aeruginosa 

Escherichia coli 

Morganella morganii 

                     
Peptostreptococcus spp. 

Peptostreptococcus 
anaerobius 

 Peptoniphilus 
asaccharolyticus 

                 
Peptostreptococcus magna 

Bacteroides spp. 

Bacteroides fragilis 

Prevotella spp. 

Porphyromonas spp. 

Etiology of DFU 

Several risk factors have been linked to the emergence of 
DFU in recent studies 17. There are several possible threats, 
including Having diabetes for more than 10 years, being 
over the age of 60, having a high body mass index, and 
having several other medical conditions, including diabetic 
nephropathy, diabetic neuropathy, peripheral arterial 
disease, a high glycosylated hemoglobin level (HbA1c), 
foot disfigurement, high forefoot pressure, infections, and 
insufficient foot self-care, all increase the risk of foot 
problems in people with diabetes. Multiple studies have 

identified diabetes-related risk factors as intermediaries 
between foot and leg ulcers and amputations 18,19, 
however, the majority of DFUs have been caused by 
ischemia, neuropathic, or combination neuro ischemic 
abnormalities. Ten percent of DFU instances may be 
caused by ischemia alone, whereas the remaining ninety 
percent may be due to neuropathy alone or in conjunction 
with another ailment. Most diabetic foot clinics in the 
United Kingdom now see neuroischemic ulcers as the most 
prevalent kind of ulcer20, indicating an increase in the 
prevalence of neuroischemic issues. Diabetics often 
experience issues with their feet due to peripheral sensory 
and autonomic neuropathy21. Ulcers, foot abnormalities, 
and shaky gait are all things that become more likely with 
this disorder. 

Table 2: Risk factors for Ulceration 

General or Systemic 
Contributions 

Local issues 

Rapidly rising blood sugar 
levels 

Neuropathy of the 
Periphery 

Period of diabetes Deformity of the foot's 
structure 

Damage to the blood 
vessels in the extremities 

Misaligned footwear and 
traumatic experiences 

Loss of sight or blindness Callus 

Kidney failure that persists 
over a long period 

Evidence of previous 
amputation due to ulcer 

Older age Constantly high pressure 

 Impairment of joint 
motion 

Diabetic Neuropathy  

According to the "International Consensus Group on 
Neuropathy," diabetic neuropathy is "the identification of 
symptoms of peripheral nerve injury in patients with 
diabetes after other probable causes of peripheral 
neuropathy have been ruled out"22. Minor nerve injury in 
diabetics might set off the development of foot ulcers. The 
risk of developing diabetic foot ulcers increases by a factor 
of seven in persons with peripheral diabetic neuropathy, 
according to studies23. 

“Distal Bilateral Symmetrical Neuropathy” 

This kind of neuropathy is the most common symptom 
experienced by diabetics. Lower limbs are typically the first 
to be afflicted, while upper limbs are not immune. Nerve 
dysfunction worsens gradually from its distal to its 
proximal manifestations22. 

Distal symptoms of diabetic neuropathy are among the 
spectrum of possible presentations. Patients may 
experience hyperalgesia (a heightened feeling of pain 
following the administration of painful stimuli), lancinating 
pain, numbness or tingling, burning or prickling, as well as 
allodynia (contact pain or pain perception due to a non-
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painful stimulus). Intense cramping that doesn't let up 
even while you're at rest is one symptom of a condition 
called restless leg syndrome24. Denervation of the muscles 
can occur when not only sensory nerve fibers but also 
motor nerve fibers are injured. The loss of toe extensor 
strength is the only sign of muscle dysfunction in the early 
stages of the disease. As the disease progresses, even the 
smallest muscles in the hands and feet get progressively 
weaker. Muscle atrophy has the potential to alter normal 
foot motion and pressure distribution. 

Weak foot muscles affect joint stability, leading to foot 
deformities. Foot deformities include hammertoes, cocked 
toes, equinus deformity, varus deformity, and flat feet are 
just a few examples. Foot ulceration develops as a result of 
changes in pressure distribution, shear stress, and 
friction25,26,27. 

Excessive sweating, dry skin, cracking, and fissuring are all 
symptoms of sudomotor dysfunction, which can be 
brought on by diabetes-related autonomic neuropathy28. 

 

 

Peripheral Arterial Disease 

Peripheral artery disease is a major contributor to diabetic 
foot illness (PAD). Chronic, non-healing foot ulcers are a 
consequence of PAD, which alters the body's normal 
response to foot ulcerations at times of increased blood 
flow demand. Consequences of PAD include infection 
spreading, tissue deterioration, and inadequate delivery of 
oxygen, nutrients, and medications. The risk of foot 
amputation is increased by this additional factors29. 

PAD occurs more frequently in people with diabetes than 
in the general population. Early start, greater severity, 
rapid progression, or even sex distribution of PAD are also 
more common in people with diabetes30. Twenty percent 
of individuals with PAD symptoms were also diabetic, 
according to the Framingham Heart Study31. Claudication, 
or intermittent claudication, is a sign of PAD and is 
characterized by cramping or painful sensations, most 
often in the calf muscles but occasionally in the thighs and 
buttocks. As the condition worsens during walking, the 
patient is forced to stop, and the condition improves while 
resting. Ischemic tissue death, gangrene, and critical limb 
ischemia can all manifest in a limb affected by PAD, and 
pain can persist even while the patient is at rest32. 

Table 3: Different kinds of debridement for patients with diabetic foot ulcer 

Method Explanation  Advantages Disadvantages 

Sharp or 
surgical  

Clean out the open wound by using a scalpel, tissue 
nippers, curettes, and curved scissors to remove 
the callus, dead soft tissue, and damaged bone. 

Necrotic tissue should be excised as deeply and 
precisely as required until healthy, bleeding soft 
tissues and bone are encountered33. 

Cost-effective 
because it only 
needs sterile 
scissors or a 
scalpel34. 

Requires some level of 
ability to prevent further 
bleeding34. 

Mechanical This technique, widely used to clean wounds 
before surgical or harsh debridement, involves 
wet-to-dry dressings, high-pressure irrigation, 
pulsed lavage, and hydrotherapy 35. 

Removes the 
hardened necrosis 

It may remove granulating 
tissue and is not selective. 
Patients may experience 
pain as a result33. 

Autolytic In a healthy, moist wound environment, this 
technique naturally occurs. 

when venous drainage and arterial perfusion are 
kept at a constant level17. 

It's reasonably 
priced(34)It can be 
used on a wound 
that is 
excruciatingly 
painful17. 

It takes time, and 
treatment may need to be 
ambiguous in timing17. 

Enzymatic The sole commercially available formulation in the 
UK contains both streptokinase and 
streptodornase (Varidase Topical Wyeth 
Laboratories). This enzyme is very effective in 
digesting fibrin, collagen, and elastin, three 
proteins that are commonly found in necrotic 
exudate from a wound36,37. 

They can be used 
directly on necrotic 
tissue17. 

Streptokinase is 
contraindicated in people 
at risk for a MI because it 
can be systemically 
absorbed. It costs a lot17. 

Biological Maggots from a sterile strain of the “green bottle 
fly (Luciliasericata)” are administered topically and 
held in place with a net dressing. Larvae have a 
voracious appetite for necrotic material38,39 but 
they avoid freshly formed healthy tissue at all 
costs. 

They distinguish 
between 
granulating tissue 
and necrotic tissue 

38. 

There may be resistance 
among patients to take this 
medication and clinicians.  

It costs a lot38]39. 
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Offloading Technique  

Offloading strategies, also known as pressure modulation, 
are often considered to be the most important aspect of 
caring for neuropathic ulcers in diabetes patients40. 
Unloading correctly has been proven to aid in the recovery 
from DFU in recent studies41. 

Despite the widespread use of unloading methods in clinical 
settings, relatively few researchers have investigated their 
efficacy in promoting wound healing (Table 4). Ulcer 
location, ulcer severity, and the patient's physical 
characteristics all play a role in determining which of these 
methods to use42. So far, total contact casts (TCCs) have 
shown to be the most effective offloading approach for 
managing neuropathic DFU42. TCC is molded to fit the foot 
precisely, has little cushioning, and a walking heel for 
comfort. The cast is designed to take the weight off the 
ulcer and spread it throughout the whole foot, keeping the 
injured region safe42. Treatment with TCC has been shown 
to hasten recovery from plantar ulcers compared to 
standard treatment, according to a randomized controlled 
trial conducted by Mueller et al.43. Histologic examination 
of ulcer samples also showed that TCC before debridement 
resulted in better healing as seen by angiogenesis and the 
formation of granulation tissue than debridement alone, as 
suggested by the prevalence of inflammatory 
components44. 

Offloading strategies, also known as pressure modulation, 
are often considered to be the most important aspect of 
caring for neuropathic ulcers in diabetes patients40. 
Unloading correctly has been proven to aid in the recovery 
from DFU in recent studies41. 

Despite the widespread use of unloading methods in clinical 
settings, relatively few researchers have investigated their 
efficacy in promoting wound healing (Table 4). Ulcer 
location, ulcer severity, and the patient's physical 
characteristics all play a role in determining which of these 
methods to use42. So far, total contact casts (TCCs) have 
shown to be the most effective offloading approach for 
managing neuropathic DFU42. TCC is molded to fit the foot 
precisely, has little cushioning, and a walking heel for 
comfort. The cast is designed to take the weight off the 
ulcer and spread it throughout the whole foot, keeping the 
injured region safe42. Treatment with TCC has been shown 
to hasten recovery from plantar ulcers compared to 
standard treatment, according to a randomized controlled 
trial conducted by Mueller et al.43. Histologic examination 
of ulcer samples also showed that TCC before debridement 
resulted in better healing as seen by angiogenesis and the 
formation of granulation tissue than debridement alone, as 
suggested by the prevalence of inflammatory 
components44. 

Table 4: Typical Methods of Offloading 

Techniques Casting 
Techniques 

Footwear 
related 
Techniques 

Surgical offloading 
Techniques 

Other Techniques 

Examples TCC Sole or heeled 
footwear 

ATL Rest 

 iTCC Sandal Tissue remodeling by 
infusions of liquid silicon 

Crutches, canes, and 
wheelchairs 

 RCW Insoles Removing Dead Skin and 
Calluses 

Bracing (ankle-foot orthoses, 
patella tendon bearing) 

 Scotch-cast boots In-shoe 
orthoses 

Removing the metatarsal 
head and performing an 
osteotomy, arthroplasty, 
exostectomy, or all of the 
above 

Walkers 

 Windowed casts Socks External fixation Disposal of Bandages 

 Custom splints   Plugs with felted foam/padding 

Table 5: Dressings for diabetic foot ulcers: a classification system 

Type Example Explanation Advantages Disadvantages 

Hydrocolloids Duoderm 
(convatec) 

Granuflex 
(convatec) 

Comfeel 
(convatec) 

The hydrocolloid matrix in such 
dressings often adheres to a 
foam or permeable film 
backing. After making contact 
with the wound, this matrix 
forms a gel that helps keep the 
area moist 45. 

Breathable 

Allows for many days 
of storage. 

Evoke autolysis 46 

Use for infected 
wounds raises 
concerns 

Maceration might 
result. 

Unpleasant smell 46 
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Hydrogels Aquaform 
(Maersk Medical) 

Implant Site Gel 
(Smith and 
Nephew) 

Aquaflo(covidien) 

These dressings are comprised 
of up to 96% water and 4% 
water-soluble cross-linked 
polymers (such as starch or 
carboxymethylcellulose). These 
dressings may either absorb 
wound exudate or replenish lost 
moisture, depending on the 
quantity of moisture present in 
the wound. Beads, an 
amorphous hydrogel, and flat 
sheets are all available for 
purchase45. 

Breathable 

 

Provide liquids 

 

 

Encourage autolysis45 

Use for infected 
wounds raises 
concerns 

 

Maceration might 
result. 

 

Applying to severely 
exudative wounds45 

Foams Allevyn(Smith and 
Nephew) 

Cavicare(Smith 
and Nephew) 

Biatain(Coloplast) 

Tegaderm(3M) 

Hydrophilic polyurethane foam 
is a common component of 
these dressings because of its 
ability to absorb lesion exudate 
and therefore sustain the 
wound surface moist 47. 

Superior in absorbing 
and protecting 

Can be manipulated 
46 

 

Sporadic dermatitis 
accompanied by 
adhesive46 

Bulky18 

It could macerate the 
skin nearby18. 

Films Tegaderm (3M) 

Opsite (Smith and  

Nephew) 

Many types of dressings, such 
as composite dressings, 
hydrocolloid dressings, foam 
dressings, hydrogel sheets, and 
dressings made of a variety of 
other materials, all use film as 
an exterior layer48,49. 

Affordable and easy 
to manipulate 

Waterborne 
microorganisms are 
blocked, although 
water vapor and 
oxygen are let 
through50. 

The removal process 
might need to be 
wet46. 

Don't work well on 
infected wounds48,49. 

Nonabsorbent 

If fluid gathers 
beneath the film, it 
needs to be drained 
or the film needs to 
be replaced(18). 

Alginates Dressing with 
Calcium Alginate 
(Smith and 
Nephew Inc., 
Australia) 
(ConvaTec's) 
Kaltostat, 
Hartman's 
Sorbalgon 
(Canada's Derma 
Sciences Inc.'s) 
Medihoney 

Upon interaction with the 
lesion, the alginate forms a gel 
that may be retrieved with the 
dressings or washed with sterile 
normal saline. With the 
additional viscose cushion, 
shock is absorbed more 
effectively 51. 

Exceptionally 
absorbing  

 

Bacteriostatic 

 

Hemostatic 

 

Effective in cavities46 

The removal process 
might need to be 
wet46. 

Silver 
impregnated 

(Smith and 
Nephew) Acticoat 
Silver Urgosorb 
(Urgo) 

Due to the obvious use of silver 
ions, these dressings can be 
used to heal contaminated 
wounds 52.  

Antiseptic 
Absorbent[46 

Decreased odor 
Enhanced pain-
related sensations 
Reduce exudates 
from wounds53 

Have a long time to 
get dressed46 

High price46 
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Figure 1: Classification of the several advanced dressing types often used in diabetic foot ulcer treatment 49 

Table 6: Various nonvascular diabetic foot surgery 
techniques 

Type Explanation 

Elective Patients lacking sensory neuropathy in 
the periphery as well as at minimal risk 
for foot ulcers may have surgical 
procedures to correct deformities 
including hammertoes, bunions, as well 
as bone spurs, alleviating their pain. 

Prophylactic Preventing new or recurrent ulcers is a 
major goal of treatment for people with 
neuropathy, and these methods are 
recommended, especially for those with a 
previous history of this complication 
(nevertheless absence of active 
ulceration) 

Curative These treatments are used when 
offloading and other standard wound 
care methods have failed to resolve a 
chronic ulcer's failure to heal or 
reappearance. These include resecting 
infected bones as well as joints as a 
substitute for entire foot resection and 
other surgical methods aimed at 
removing locations of consistently 
increased peak pressure. 

Emergent The goal of these methods is to prevent 
or significantly reduce the transmission of 
a critical infection. 

 

Surgery 

The prevalence of diabetic foot ulcers (DFU) has grown over 
the past two decades 53,54, highlighting the need for diabetic 
foot surgery in its prevention and treatment. 

Amputation, non-vascular foot surgery, and vascular foot 
surgery are common surgical options for DFU rehabilitation. 
To alleviate plantar pressure, nonvascular foot surgery is 
classified as either elective, preventative, curative, or 
emergency. 

Advanced Therapies  

• “Hyperbaric Oxygen Therapy”- 

Some cases of severe, non-healing DFU that have not 
responded to other treatments may benefit from 
hyperbaric oxygen therapy (HBOT)55,56–58. In hyperbaric 
oxygen therapy or HBOT, patients get short bursts of pure 
oxygen delivery many times each day. Hyperbaric oxygen 
therapy consists of three 30-minute sessions (for a total of 
90 minutes) in a hyperbaric chamber, separated by 5-
minute breaks55,59. 

But how exactly HBOT works is still a mystery. Hyperbaric 
oxygen treatment (HBOT) has been shown to promote 
wound healing by addressing hypoxia, increasing blood 
flow, reducing edema and cytokines associated with 
inflammation, and stimulating the proliferation of 
fibroblasts, collagen formation, as well as 
angiogenesis60,61,62,63. Additionally, HBOT improved the 
mobilization of bone marrow-derived vasculogenic stem 
cells and attracted these cells to the injured skin62. 
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• “Stimulation with Electricity” – 

Based on the available evidence, electrical stimulation (ES) 
is the most useful supplementary treatment for DFU 
recuperation. The effectiveness of ES for DFU recovery is 
now supported by a large body of evidence64,65,66,67. 

Lack of blood flow, infection, and insufficient cellular 
responses have all been linked to inappropriate wound 
healing in DFU, although research suggests that ES may help 
ameliorate these issues 64. This treatment is a no-frills 
approach to speeding recovery in DFU patients without any 
associated risks or high costs. 

• “Negative Pressure Wound Therapy”– 

A non-invasive technique called negative pressure wound 
therapy (NPWT) can offer regulated, targeted negative 
pressure to heal acute and chronic wounds. Sterile 
polyurethane or PVA foam dressing, devoid of latex, is cut 
to size for each wound at the bedside and sealed in place 
with an adhesive drape to prevent air leakage. In most 
cases, the range of 80–125 mmHg is used for the application 
of negative pressure, whether it be on a continuous or 
cyclical basis. Wound fluid is suctioned into a container in 
the control unit 68,69. 

Multiple randomized controlled trials (RCTs) have shown 
that this method is safe and effective as an adjunct 
treatment for DFU. Studies have shown that this approach 
to wound healing improves the healing rate, reduces the 
time it takes to close the wound, increases the strength of 
the granulation tissue response, and may reduce the risk of 
a second amputation compared to the control 
therapy69,70,71. 

• “Bioengineered Skin” – 

Bio-engineered skin (BES) has been used as a nontraditional 
method of treating DFU in recent decades72,73,74,75. This 
strategy involves injecting a fresh ground material matrix 
including cellular components to replace the damaged and 
deteriorating ECM environment and set the patient on a 
new healing course76. Currently, three different BES 
products are available that may be utilized for DFU75,77. 
These are Derma graft (Advanced Bio healing Inc., La Jolla, 
CA), Apligraf (Organogenesis Inc., Canton, MA), and Oasis 
(Cook Biotech, West Lafayette, IN). 

BES cells are seeded onto scaffolds for in vitro expansion. 
Cells can be cultured in vitro, allowing extracellular matrix 
(ECM) and growth factors secreted by the cells to 
accumulate in the scaffold. DFU healing may be accelerated 
by using live cell scaffold cells, which are hypothesized to 
actively secrete growth factors throughout the repair 
process87,88,75,76. 

Although BES has many positive effects, they cannot be 
used to treat DFU by themselves. Peripheral ischemia, a 
pathogenic feature of DFU, is a major impediment to BES 
transplantation. As a result, it is generally agreed that BES 
applications cannot be used without first providing the 
wound bed with therapy and then performing surgical 

revascularization and decompression. Infectious-disease 
prevention and control are also essential to this 
strategy36,78. 

• “Growth Elements”– 

Diabetic ulcers can be effectively treated with growth 
factors. The manufacture of enzymes, cell division, and 
migration are all boosted by growth factors. Platelet-
derived growth factor (PDGF), epidermis growth factor 
(EGF), transforming growth factor (TGF)-, TGF-, and insulin-
like growth factor (IGF)92 are some of the growth factors 
that have been studied. In addition to standard treatment 
for diabetic foot lesions, recombinant human (rh)-PDGF 
may be helpful. Neuropathic ulcers reacted better to EGF 
injections in the form of rh-EGF than ischemic ulcers80. 

Recombinant human platelet-derived growth factor 
containing becaplermin has been linked to serious adverse 
events, according to the Food and Drug Administration 
(FDA). Becaplermin was linked to secondary cancers in both 
clinical studies and real-world usage. Additional evidence 
suggests that using three or more tubes of becaplermin gel 
per year is associated with a higher risk of death from 
systemic malignancies. Numerous enzyme-based 
ointments have been used to promote granulation tissue 
formation and debride sloughy tissues, including 
fibrinolysin, collagenase, and papain. For debridement 
purposes, papain-urea is more effective than collagenase80. 

Future Aspects 

There has been a dramatic rise in the number of people 
suffering from complications related to their feet due to 
diabetes. At the same time, patients have benefited from a 
flurry of promising new treatments. Hyperbaric oxygen 
therapy for non-healing diabetic foot diseases entails the 
complete administration of pure oxygen in sessions daily 
until the foot ulcer subsides, and negative pressure wound 
therapy entails the application of negative pressure to close 
wounds, both acute and chronic. Foamed polyvinyl alcohol 
is used in this process ( both free from latex and sterile). 
Electric stimulation is another therapeutic method being 
tested in randomized, placebo-controlled studies. 

As a result, scientists and doctors need to put greater effort 
into developing and expanding these treatments. 

CONCLUSION  

Diabetic foot ulcers are common and can lead to 
amputation if not treated promptly, sensibly, and 
collaboratively across disciplines. Education, blood sugar 
management, wound cleaning, enhanced dressings, 
decompression, surgical intervention, and enhanced clinical 
therapy can all contribute to a speedy and complete 
recovery from DFU. The high morbidity and danger of 
catastrophic effects produced by foot ulcers necessitate the 
adoption of these therapies whenever possible. 
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